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OBSEEVATIONS ON NATUEAL MOETALITY, PAEASITES AND
PEEDATOES OF WHEAT BULB FLY, LEPTOHYLEMY1A
COABGTATA (FALL.).
By EOXALD M. DOBSON *
Rothamsted Experimental Station, Harpenden, Herts.
Knowledge of natural mortality of wheat bulb fly, Leptohylemyia coarctata
(Fall.), is fragmentary, and losses during the complete life-cycle have not been
studied. Dobson, Stephenson & Lofty (1958) found from cage experiment that at
least 4-7 per cent, of the eggs present in mid-March survived to produce flies, and
in field experiments Eaw (1960) observed survival varying from 2-7 to 17 per cent,
between the end of oviposition and pupation.
Losses to eggs varying from 90 per cent. (Bremer, 1929; Gough, 1947) to 18-27
per cent. (Eaw, 1960) have been recorded and attributed partly to " non-viability "
and partly to predation. Many larvae perish because they fail to find food-plants,
either when they are newly hatched or when they are moving to fresh shoots
(Gough, 1947), and both F. Eaw & J. E. Lofty and D. B. Long (in Mellanby, 1958)
and Eaw (1960) showed that the proportion of survivors is affected by plant density.
Losses of pupae were estimated as 78 per cent, by Dobson, Stephenson & Lofty
(1958) and, although this figure was thought to be an overestimate, a loss of at
least 66 per cent, was apparent. Parasites kill some pupae (Van Miegroet, 1950;
Bardner & Kenten, 1957) and Van Miegroet recorded between 18 and 27-35 per
cent, parasitisation of populations in Belgium.
Life-span of the adult fly has been studied (Dobson & Morris, 1961) but little
is known of causes of mortality. Predators (Bardner & Kenten, 1957) and entomo-
phagous fungi (Gough, 1947; Bardner & Kenten, 1957; Long, in Mellanby, 1958)
cause some deaths.
The present paper discusses mortality during the pupal stage with special
reference to parasitism and describes simple experiments with predators. In 1957
and 1958, the observations were incidental to the main line of work, but from the
summer of 1959 were its main purpose. [This, however, was curtailed after a few
months because the writer left Eothamsted in November 1959.]
TABLE I.
Losses amongst pupae kept in pots of soil at Eothamsted in 1957 and 1958.
Year
1957
1958
Total no.
of pupae
collected
900
4,010
No. of
flies
emerging
296
2,240
No. of
pupae
parasitised
90
206
No. of
pupae
found dead
46
53
No. seen
to be
removed
by ants
3
0
No. of
pupae
missing
465
1,511
* Work completed at present address: Zoology Department, University, Glasgow W.2.
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NATURAL MORTALITY, PARASITES AND PREDATORS OF L. COARCTATA. 283
Mortality amongst pupae.
Observations during 1957 and 1958.
In 1957 and 1958, in the course of a study on the life-span and behaviour of
adult flies in eastern England, many pupae from a wheat crop at Eothamsted
were placed in soil in gauze-covered plant pots and kept in the field until flies
ceased to emerge. The pots were then searched and any pupae remaining were
examined directly for parasites (1957) or were counted and replaced so that parasites
could emerge naturally (1958).
The results (Table I) show that, as in the field-cage observations reported earlier
(Dobson, Stephenson & Lofty, 1958), losses were high, and that although parasites
and predators accounted for some, most were unexplained. Clearly, more detailed
observations were needed.
Two species of parasitic Hymenoptera were obtained during these observations.
One, a Braconid, occurred as a single imperfect specimen in 1957 and could not
be identified, the other, a Cynipid, affected about 10 and 5 per cent, of the popula-
tions in 1957 and 1958, respectively, and has been named Trybliographa spaniandra
by Kerrich & Quinlan (1960).
Observations in 1959.
In 1959, a full-time study of mortality was started. As the Eothamsted popula-
tion was sparse, pupae were obtained at weekly intervals for five weeks from
two fenland sites, Whittlesey and Peterborough. Most of the pupae were placed
singly in moist peat in glass tubes and kept in an outside insectary at Eothamsted,
and the rest, including many damaged, were examined directly or were kept in
small batches in the laboratory. These methods enabled the fate of individuals
to be watched closely (Table II). Total numbers of flies and parasites were
recorded from the whole of the material, but emergence dates (discussed later)
were recorded only from that kept in the insectary.
Parasites accounted for between 5-5 (Whittlesey) and 13-7 per cent. (Peter-
borough) of the deaths observed, and three species, Aleochara bipustulata (L.),
A. inconspicua Aub£ (Col., STAPHYLJNIDAE) and Phygadeuon trichops Thorns.
(Hym., ICHNEUMONIDAE) were identified. Parasitisation by Aleochara spp. was
often evident, but for various reasons, e.g., where only the empty puparium was
found or where the parasite died during development, the parasitising species
could not be identified.
Taking both Whittlesey and Peterborough material together, about 20 per cent,
of the pupae died from various causes other than parasitism. Fifty-one young
flies failed to emerge from the puparium or died soon after emerging, and 49
individuals, included as " emerged flies " in Table II, failed to expand and died
within a few days. A hundred and sixty-one pupae developed a black pigmenta-
tion which affected first the setae, then the appendages and finally the whole body,
and 110 became hard and solid without shrivelling or, except for three which also
became black, without change of colour. In all, out of 4,802 pupae observed,
3,382, i.e., 70-4 per cent., produced viable flies. It must be remembered that
these pupae, unlike the previous ones, were not exposed to predation.
Notes on biology of the parasites.
Aleochara bipustulata. •
This species parasitises various Anthomyiid flies (listed by Fuldner, 1960),
but there is no published account of its attacking wheat bulb fly. Dr. H. C. Gough,
of the National Agricultural Advisory Service informs me (in litt.), however, that
he has observed it attacking wheat bulb fly on several occasions. Its life-cycle,
outlined by de Wilde (1947) and Fuldner (1960) is similar to that of A. bilineata
Gylh. (Wadsworth, 1915). Eggs are laid in the soil and the active, campodeiform
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284 EONALD M. DOBSON.
first-instar larva bores into the host puparium and lives ectoparasitically on the
pupa within. There are three larval instars and, at each moult, hypermeta-
morphosis occurs involving changes in the mandibles, reduction and simplification
of the appendages and the assumption of an eruciform condition. The full-grown
larva pupates within the empty host puparium and the adult escapes by cutting
a slit all round the puparium near one end so that a circular, cap-like portion around
its tip is detached. This detached portion is then inverted and transferred to the
opposite end before the beetle escapes. Out of 15 empty puparia examined, nine
had the emergence hole at the anterior end and six had it at the posterior end.
Adult beetles laid eggs in damp sand in the laboratory and first-instar larvae
were seen 12 to 14 days after putting the sexes together. They fed on freshly
killed adults of wheat bulb fly, removing the soft tissues and leaving the dis-
articulated exoskeleton, and attacked eggs, biting them across the middle and
extracting the contents. When starved they soon turned cannibal. Adult beetles
will also feed on the eggs (Hughes, 1959), on the larvae and on the contents of the
broken puparia of Erioischia brassicae (Bch.) (de Wilde, 1947).
8OO
Fig. 1.—Emergence of flies and parasites from pupae collected at Whittlesey in 1959.
(cf & 9i male and female flies; A.b., Aleochara bipustulata; A.i., Aleochara inconspicua.)
A. bipustulata was the most abundant parasite found at Whittlesey and Peter-
borough and, although not in the first batch of pupae from both sites, occurred
in all later ones. The emergence data for flies and parasites observed in the
Eothamsted insectary (figs. 1, 2) are thought reasonably representative, because
the mean emergence dates of flies bred from pupae collected on different dates
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were similar (Table III). Had the insectary been warmer or colder than the field,
then a trend in the emergence dates of successive batches would have been
expected.
TABLE HE.
Mean emergence dates of flies obtained from pupae collected at Whittlesey and
Peterborough in 1959.
Site
Whittlesey
Peterborough
Date of collecting
May 5
12
19
26
June 2
May 8
15
22
29
June 4
Mean emergence dates of flies
Male
June 16
17
16
16
15
June 14
14
13
14
16
Female
June 19
20
19
19
19
June 18
17
16
16
18
The adult beetles emerged 2J to 3 weeks after the flies and, allowing seven to
eight weeks from the onset of parasitisation to the appearance of the first beetles
(i.e., early May to late June), the entire life-cycle, from pairing of the sexes to
appearance of young beetles appears to take 9 to 10 weeks.
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Fig. 2.—Emergence of flies and parasites from pupae collected at Peterborough in 1959.
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Aleochara inconspicua.
This species is usually regarded as rare in Britain and was included in Fowler's
monograph (1888) as very doubtfully British. Its presence was, however, con-
firmed by Blair (1933), who found a single specimen near Southwold (Suffolk).
Clearly, the species is common at Whittlesey and Peterborough.
There is no published account of its parasitic habit, but it has been obtained
from wheat bulb fly previously (C. E. Tottenham, private communication). Its
life-history somewhat resembles that of A. laevigata Gylh., which also parasitises
wheat bulb fly (Speyer, 1954) and of A. curtula Goeze (Kemner, 1926) in that the
third-instar larva is campodeiform and active, and leaves the host puparium when
fully grown. It escapes through a jagged hole in the side of the puparium, usually
near the anterior end, and pupates in a small silk-lined chamber in the soil.
A. inconspicua is a small beetle and its larva consumes only one-half to two-thirds
of the contents of the host puparium. Pupation outside its host may therefore
be advantageous, for inside there might be risk of being stifled by the decaying
remains of the pupa.
As with A. bipustulata, the adult beetles fed on the soft parts of eggs and
recently killed adults of wheat bulb fly, and they soon turned cannibal when
starved. They did not lay eggs in damp sand provided in insectary cultures.
A. inconspicua occurred in all except the last batch of pupae from Whittlesey
and was more numerous in the earlier than in the later batches (Table II). (It is
believed that its numbers were grossly under-estimated in the first batch from
Whittlesey and to a lesser extent in the first from Peterborough because for a time
it was not realised that it vacates the host puparium before pupating.) The falling
incidence of infestation from batch to batch suggests that many mature larvae had
already left the puparia when these were collected and that increasingly higher
proportions of stragglers were being obtained. This is supported by a tendency for
beetles from the earlier batches to emerge before those from the later ones, e.g.,
the mean emergence date for those collected at Peterborough on 8th May was
3rd June, whereas that for the remainder of the Peterborough material combined
was 7th June. Like A. curtula (Kemner, 1926), A. inconspicua may attack only
young puparia.
in
a
o
a.
o
Z
12O
IOO
8O
6O
4O
2O
Sep. Oct. Nov. Dec. Jan. Feb. Mar.
Fig. 3. Emergence of Trybliographa spaniandra during 1958-59.
Apr.
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The emergence data (figs. 1, 2) suggest that the beetles emerge 2 | to 3 weeks
after the flies, but it must be stressed that these figures may be based on only part
of the true population.
Trybliographa spaniandra.
This species was the most abundant parasite obtained from wheat bulb fly at
Eothamsted in 1957 and 1958. Females greatly outnumbered males; in 1957, all
81 specimens examined were female and, in 1958, only 2 out of 110 were male.
" Cothonaspis sp." recorded from wheat bulb fly by Van Miegroet (1950) may have
been this species as this name was formerly, but incorrectly, attributed to Tryblio-
grapha (G. J. Kerrich, in litt.).
In 1958, most parasites (18 out of 20 examined) had pupated by August and
the first adults appeared in September. The main emergence, however, was not
until the next spring (fig. 3). Because of this, it seems likely that, in common
with other species of EUCOILINAE (Clausen, 1940), T. spaniandra attacks the larva
of its host.
Adult parasites survived for some time without food or water (e.g., over 25 per
cent, of them survived for four weeks), and although they were quiescent at
insectary temperatures, they rapidly became active when warmed.
Phygadeuon trichops.
This species is a well-known parasite of Anthomyiid flies but has not been
recorded from wheat bulb fly before. Its biology was studied by Monteith (1956)
who showed that the eggs are deposited on the host pupa within the puparium.
Observations on predation of wheat bulb fly.
Eeference has already been made to predation by the species of Aleochara
which parasitise wheat bulb fly. Scopeuma stercoraria (L.) (Dipt., COEDYLUEIDAE)
(the species commonly cited as Scatophaga stercoraria (L.)) and Tetragnatha
extensa (L.) (Araneida) preyed on adult flies in the laboratory, and workers of
Myrmica rubra (L.) (Hym., FORMICIDAE) removed buried pupae and newly emerged
flies from pots of soil in the field.
Simple laboratory tests were devised in which adults of possible predator species,
a complete list of which is shown in Table IV, were offered eggs or pupae of wheat
bulb fly as food. It is evident from the results in Table IV that Notiophilus
biguttatus, a species adapted for preying on small moving arthropods (Davies,
1953a), attacked neither eggs nor pupae, but Clivina fossor and both the Bembidion
spp. tested ate eggs readily. Bembidion species also eat eggs of Erioischia brassicae
(Wishart, Doane & Maybee, 1957; Hughes, 1959) and B. lampros which is an
important predator on the eggs of this species was studied by Mitchell (1958).
The two Harpalus spp. and Bradycellus verbasci ate eggs, and H. rufipes, the
only species tested, also ate pupae. Other Harpalus spp. tested by Wishart,
Doane & Maybee (1956) refused eggs of E. brassicae. Davies (1953a) regarded
the Harpalini as predominantly herbivorous but as taking animal food in small
amounts.
The Amara spp., except for A. aulica, showed predation, and this is interesting
because reports of predation by Amara spp. have been few (Allen, 1953; Davies,
1953b) whereas their herbivorous habits are well-known (e.g., Westwood, 1839;
Hart, 1884; Webster, 1903; Aubrook, 1949; Davies, 1953a). The attack of A.
familiaris on the pupa was striking: within minutes of being introduced, the beetle
tore open the abdomen of the pupa and consumed much of its contents. A single
beetle could destroy several pupae in quick succession.
Feronia melanaria, a pest of strawberries, takes animal food both as a larva
(Briggs, 1957) and as an adult (Williams, 1959). It refused eggs of wheat bulb fly
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as it refused those of E. brassicae (Wishart, Doane & Maybee, 1957). F. madida,
another pest of strawberries, was not tested with eggs but ate pupae. This species
takes both animal and plant food and was regarded as an unspecialised feeder by
Davies (1953a).
Agonum dorsale sometimes accepted and sometimes refused eggs, but neither
of the individuals tested attacked pupae. Demetrias atricapillus attacked eggs but
not pupae.
None of the STAPHYLINIDAE tested attacked pupae, but all the Tachyporus spp.
tested with eggs ate them. Neither Stenus spp. nor Astilbus canaliculatus ate
eggs. The former are specialised for the pursuit and capture of small motile prey
(Schmitz, 1943) but will attack maimed adults of Diptera (Voris, 1934) and the
latter is associated with, and predatory on, ants (Donisthorpe, 1927).
TABLE IV.
Besults of laboratory observations on predation of eggs and pupae.
Species tested
Coleoptera (CABABIDAE)
Notiophilus biguttatus (F.)
Glivina fossor (L.) . .
Bembidion lampros (Hbst.)
B. quadrimaculatum (L.)
Harpalus aeneus (F.)
H. rufipes (Deg.)
Bradycellus verbasci (Duft.)
Amara similata (Gylh.)
A. familiaris (Duft.)
A. aulica (Panz.)
Feronia melanaria (111.)
F. madida (F.)
Agonum dorsale (Pontoppidan)
Demetrias atricapUlus (L.)
Coleoptera (STAPHYLINIDAE)
Stenus clavicornis (Scop.) . .
S. atratulus Erichs.
Philonthus fuscipennis (Mannh.)
P. varius (Gylh.)
Tachyporus chrysomelinus (L.)
T. solutus Erichs. . .
T. obtusus (L.)
T. hypnorum (F.)
Astilbus canaliculatus (F.)
Aleochara bipustulata (L.)
A. inconspicua Aube
Dermaptera
Forficula auricvlaria L.
Chilopoda
Lamycetes fulvicornis Meinert
Lithobius variegatus Leach
Necrophloeophagus longicomis (Leach)
Number tested
with:
Eggs
4
1
11
1
1
1
1
0
2
1
1
0
4
1
2
1
0
0
1
2
0
4
1
Many
Many
1
5
1
0
Pupae
1
0
0
0
0
3
0
1
9
0
0
1
2
7
1
0
1
1
0
0
1
1
0
0
0
0
0
0
2
Results
Eggs
—
-f-
+
-)-4-
-(-
—
—
±
+
—
±
—
-f
+
+
Pupae
—
-\-
-).
—
—
—
—
—
—
±
+ Predation observed
— No predation
± Variable result
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Summary.
Observations in eastern England during 1957, 1958 and 1959 showed natural
mortality of pupae of wheat bulb fly, Leptohyle-myia coarctata (Fall.), to be high.
The part of this due to parasitisation is considered in some detail.
At Bothamsted, the main parasite was Trybliographa spaniandra Kerrich &
Quinlan, and this affected about 10 per cent, of the population in 1957 and
about 5 per cent, in 1958. At Whittlesey and Peterborough, in 1959, parasitisa-
tion affected 5-5 and 13-7 per cent, of the populations, respectively. The two
main parasites found were Aleochara bipustulata (L.) and A. inconspicua Aubd
(Coleoptera, STAPHYLINIDAE). Phygadeuon trichops Thorns. (Hymenoptera,
ICHNEUMONIDAE) also occurred but was much less frequent. Notes and original
observations on the biology of these parasites are given.
Several insects and other small arthropods were observed to prey on various
stages of wheat bulb fly. Details of these and notes on the biology of some of them
are given.
Acknowledgements.
I am indebted to Mr. P. L. Fisher of Eothamsted for helping with the original
observations and to Dr. A. B. Hill of Glasgow for reading the draft manuscript.
Many people helped with the tedious task of digging for pupae and assistance with
some of the identifications was kindly given by Eev. C. E. Tottenham, Mr. G. J.
Kerrich, Mr. E. A. Crowson, Mr. J . G. Blower and Mr. J . S. Tallack. The
farmers, Mrs. Trundle of Whittlesey and Mr. Ivens of Peterborough, kindly allowed
me to work in their wheatfields.
References.
ALLEN, A. A. (1953). Predatory behaviour of an Amara (Col., Carabidae).—
Ent. mon. Mag. 89 p. 236.
AUBROOK, E. W. (1949). Amara familiaris Duft. (Col., Carabidae) feeding in
flower heads.—Ent. mon. Mag. 85 p. 44.
BARDNER, E. & KENTEN, J. (1957). Notes on the laboratory rearing and biology
of the wheat bulb fly, Leptohylemyia coarctata (Fall.).—Bull. ent. Res.
48 pp. 821-831.
BLAIE, K. G. (1933). Aleochara inconspicua Aubd reinstated in the British list
of Coleoptera.—Ent. mon. Mag. 69 p. 250.
BREMER, H. (1929). Zur Methodik epidemiologiseher Untersuchung von Getreide-
fliegen-Kalamitaten.—Am. Schddlingsk. 5 pp. 70-73.
BRIGGS, J. B. (1957). Some experiments on control of ground beetle damage to
strawberry.—44th Rep. E. Mailing Res. Sta. 1955-56 pp. 142-145.
CLAUSEN, C. P. (1940). Entomophagous insects.—688 pp. London, McGraw-
Hill.
DAVIES, M. J. (1953a). The contents of the crops of some British carabid beetles.
—Ent. mon. Mag. 89 pp. 18-23.
DAVIES, M. J. (19536). Feeding behaviour of some Amara spp. (Col., Carabidae).
—Ent. mon. Mag. 89 p. 297.
DOBSON, E. M. & MORRIS, M. G. (1961). Observations on emergence and life-span
of wheat bulb fly, Leptohylemyia coarctata (Fall.), under field-cage
conditions.— Bull. ent. Res. 51 pp. 803-821.
https://www.cambridge.org/core/terms. https://doi.org/10.1017/S0007485300055413
Downloaded from https://www.cambridge.org/core. BBSRC, on 14 Oct 2019 at 10:16:46, subject to the Cambridge Core terms of use, available at
2 9 0 RONALD M. DOBSON.
DOBSON, E. M., STEPHENSON, J. W. & LOFTY, J. E. (1958). A quantitative study
of a population of wheat bulb fly, Leptohylemyia coarctata (Fall.), in the
field.—Bull. ent. Res. 49 pp. 95-111.
DONISTHOEPE, H. ST. J. K. (1927). The guests of British ants, their habits and
life histories.—244 pp. London, Eoutledge.
FOWLER, W. W. (1888). The Coleoptera of the British Islands, II.—444 pp.
London, Reeve.
FULDNER, D. (1960). Beitrage zur Morphologie und Biologie von Aleochara
bilineata Gyll. und A. bipustulata L. (Coleoptera: Staphylinidae).—Z.
Morph. Okol. Tiere 49 pp. 312-386.
GOUGH, H. C. (1947). Studies on wheat bulb fly, Leptohylemyia coarctata, Fall.
II . Numbers in relation to crop damage.—Bull. ent. Res. 37 pp. 439—454.
HART, T. H. (1884). Carnivorous beetles, vegetable feeders.—Entomologist 17
pp. 260-261.
HUGHES, E. D. (1959). The natural mortality of Erioischia brassicae (Bouche1)
(Diptera, Anthomyiidae) during the egg stage of the first generation.—
J. Anim. Ecol. 28 pp. 343-357.
KEMNER, N. A. (1926). Zur Kenntnis der Staphyliniden-Larven. I I . Die Lebens-
weise und die parasitische Entwicklung der echten Aleochariden.—Ent.
Tidskr. 47 pp. 133-170.
KERRICH, G. J. & QUINLAN, J. (1960). Studies on Eucoiline Cynipoidea (Hym.).
—Opusc. ent. 25 pp. 179-196.
MELLANBY, K. (1958). Entomology Department.—Rep. Rothamst. exp. Sta. 1957
pp. 152-166.
MITCHELL, B. (1958). Studies on the biology and ecology of some species of
Coleoptera which are possible predators of Erioischia brassicae (Bouche).
—Ph.D. thesis, Birmingham Univ.
MONTEITH, A. E. (1956). Phygadeuon trichops Thorns. (Hymenoptera: Ichneum-
onidae), an occasional parasite of Hylemya spp. (Diptera: Anthomyiidae).
—Canad. Ent. 88 pp. 69-73.
EAW, F. (1960). Field studies on wheat-bulb fly infestations.—Ann. appl. Biol.
48 pp. 145-155.
SCHMITZ, G. (1943). Le labium et les structures bucco-pharyngiennes du genre
Stenus Latreille.—Cellule 49 pp. 291-334.
SPEYER, W. (1954). Aleochara laevigata Gyll. (Coleopt., Staphylinidae) als
Puppenparasit der Brachfliege Hylemyia coarctata Fall.—NachrBl. dtsch.
PflSchDienst., Stuttgart 6 pp. 6-7.
VAN MIEGROET, M. (1950). Bijdrage tot de kennis van de biologie, de ecologie
en de economische betekenis van Hylemyia coarctata Fall.—Meded.
LandbHogesch. Oent. 15 pp. 270-303.
VORIS, E. (1934). Biologic investigations on the Staphylinidae (Coleoptera).—
Trans. Acad. Sci. St. Louis 28 pp. 233-261.
WADSWORTH, J. T. (1915). On the life-history of Aleochara bilineata, Gyll., a
staphylinid parasite of Chortophila brassicae Bouche.—J. econ. Biol. 10
pp. 1-27.
WEBSTER, F. M. (1903). Notes upon the food of predaceous beetles.—Bull. 111.
Lab. nat. Hist. 1 no. 3 (2nd edn.) pp. 162-166.
WESTWOOD, J. O. (1839). An introduction to the modern classification of
insects . . . I.—462 pp. London, Longmans.
https://www.cambridge.org/core/terms. https://doi.org/10.1017/S0007485300055413
Downloaded from https://www.cambridge.org/core. BBSRC, on 14 Oct 2019 at 10:16:46, subject to the Cambridge Core terms of use, available at
NATURAL MORTALITY, PARASITES AND PREDATORS OF L. COARCTATA. 2 9 1
DE WILDE, J. (1947). Over enkele belangwekkende parasieten van de koolvlieg
Ghortophila brassicae Bch6.—Tijdschr. Ent. 88 pp. 531-536.
WILLIAMS, G. (1959). Seasonal and diurnal activity of Carabidae, with particular
reference to Nebria, Notiophilus and Feronia.—J. Anim. Ecol. 28 pp.
309-330.
WISHART, G., DOANE, J. F. & MAYBEE, G. E. (1957). Notes on beetles as
predators of eggs of Hylemya brassicae (Bouch6) (Diptera: Anthomyi-
idae).—Canad. Ent. 88 pp. 634-639.
© Commonwealth Agricultural Bureaux, 1961.
https://www.cambridge.org/core/terms. https://doi.org/10.1017/S0007485300055413
Downloaded from https://www.cambridge.org/core. BBSRC, on 14 Oct 2019 at 10:16:46, subject to the Cambridge Core terms of use, available at
